Chronic neutrophilic leukemia (CNL) is a rare form of myeloproliferative neoplasm characterized by the drastic elevation of mature neutrophils. One of the major causes of death among patients with CNL is severe bleeding; however, the difficulty of accurately diagnosing this disease has caused confusion in this field. Recently, somatic mutations of the CSF3R gene have been associated with CNL. This has led to the establishment of more accurate diagnostic criteria for CNL. We herein report a case study of a patient with CNL with a T618I point mutation on the CSF3R gene who showed severe bleeding.
Introduction
Chronic neutrophilic leukemia (CNL) is a rare myeloproliferative neoplasm characterized by an extreme increase in the number of mature neutrophils (1) . According to a review by Gotlib et al. , approximately 200 cases of CNL have been reported to date (2) . Because of the lack of useful and specific clonal markers for CNL, the WHO 2008 diagnostic criteria for CNL are highly dependent on the exclusion of other types of myeloid malignancies and reactive neutrophilia (3) . This makes the diagnosis of CNL challenging. In fact, Pardanani et al. stated that among 35 suspected cases of CNL, only 12 cases actually met the WHO-defined diagnostic criteria for CNL (4) .
In 2013, Maxson et al. identified an oncogenic mutation in the colony-stimulating factor 3 receptor (CSF3R) gene, which encodes the G-CSF receptor in CNL and atypical chronic myeloid leukemia (aCML). This condition is a variant of the myelodysplastic/myeloproliferative neoplasms (MDS/MPN) (5) . The identification of the CSF3R mutation in CNL greatly improves the diagnosis of this disease (3) .
Two primary types of CSF3R mutations have been identified to date: truncation mutations and membrane proximal mutations (including the T618I mutation) (5) . Pardanani et al. demonstrated that all of the patients with CNL who were diagnosed according to the WHO 2008 diagnostic criteria for CNL had the T618I mutation; in contrast, none of the patients with aCML had this mutation (4) . Thus, the CSF3R T618I mutation is highly restricted to CNL and is likely to be a specific marker for this disease (3).
One of the most serious complications of CNL is increased bleeding, which occasionally results in death; however, the pathological mechanism of this phenomenon is not fully understood.
Here, we present the case of a patient with T618I-positive CNL and severe bleeding. The patient's platelet function was not impaired, which suggests that factors other than platelet dysfunction contribute to the tendency for bleeding in patients who are accurately diagnosed with CNL. were primarily composed of mature neutrophils (promyelocytes 2%, myelocytes 9%, meta-myelocytes 4%, neutrophils 82%) with toxic granules (Fig. 1B) . The patient also showed moderate anemia (Hb 8.0 g/dL; normal values 11.1-14.8 g/ dL) and thrombocytopenia (platelet count 120×10 9 /L; normal values 155 to 348×10 9 /L). The hemostatic tests demonstrated the following values: bleeding time, 3 minutes (normal range: 1-5 minutes), prothrombin time, 12.8 s (normal range: 9.5-13.1 s), activated partial thromboplastin time, 37.8 s (normal range: 29.7-47.4 s) and fibrinogen, 263 mg/ dL (normal range: 150-330 mg/dL). The patient's factor VIII and factor IX activities were 133% and 103%, respectively. To investigate the cause of the increased bleeding, we analyzed the patient's platelet function (Fig. 2) . The platelet aggregation in response to epinephrine, ristocetin and ADP (1 μM) was not impaired. The response to collagen or ADP (5 μM) was modestly decreased in comparison to normal patients.
A fluorescence in situ hybridization (FISH) study revealed that the patient did not have the BCR-ABL fusion gene, and no monoclonal gammopathy was detected. After approval was obtained from the institutional review board of the University of Yamanashi and the patient provided written informed consent, we prepared DNA from the peripheral blood neutrophils and analyzed the mutation status of JAK2. The informed consent document included the provision of consent for a DNA analysis using residual DNA for a future study. We did not find a JAK2 V617F mutation. Unfortunately, the patient refused to undergo a bone marrow biopsy.
We treated the patient using hydroxyurea and a blood transfusion; however, his white blood cell count subsequently became markedly elevated and he died due to multiple organ failure within 6 months of his initial presentation. After the report from Maxson et al., which showed the presence of the CSF3R mutation in patients with CNL (5), we tested whether the CSF3R mutation was present in our patient using residual DNA. As Fig. 3 shows, we identified a C-to-T transition in exon 4 of the CSF3R gene, which was identical to the T618I point mutation.
Discussion
This case report is the first to confirm the presence of the CSF3R T618I mutation in a patient with CNL presenting with a severe bleeding tendency. Patients with CNL frequently exhibit a severe bleeding tendency (6) . A review of by Elliott found intracranial hemorrhages in 9 of 40 CNL patients (6) . In addition, a series of case reports demonstrated severe bleeding complications in CNL patients (7, 8) , which suggests that CNL is correlated with increased bleeding; however, the precise pathological mechanism of this relationship remains unclear. Elliott suggested that the bleeding complications observed in patients with CNL are associated with treatment-induced thrombocytopenia (6); however, some case reports have indicated the presence of platelet dysfunction in these patients (7, (9) (10) (11) (12) . The majority of CNL patients presenting with platelet dysfunction were reported before the establishment of the WHO 2008 diagnostic criteria for CNL. It is therefore unclear whether these cases actually met the WHO 2008 criteria. Our present case was confirmed to have the CSF3R T618I mutation, a highly specific molecular marker for CNL (3). This finding further supports the CNL diagnosis of this patient. Although our patient showed a severe bleeding tendency at diagnosis, he also showed a normal bleeding time, and his platelet number was only modestly decreased. In addition, we confirmed that his platelet aggregation was not impaired. These results suggest that the bleeding tendency in accurately diagnosed patients with CNL does not occur due to a lower platelet count or impaired platelet function. Although we did not perform a histological examination, it is also possible that the increase in neutrophil numbers led to the invasion and destruction of the vascular wall (13) . Interestingly, mice transplanted with CSF3R T618I-expressing bone marrow cells showed the infiltration of mature neutrophils in multiple organs (14) . Taken together, a T618I mutation might confer a proliferative advantage and increase the invasion ability of neutrophils.
We treated the patient with hydroxyurea; however, the bleeding tendency of the patient did not improve. Interestingly, several recent studies have demonstrated that the JAK1/2 inhibitor ruxolitinib is potentially useful in the treatment of patients with CNL with the CSF3R T618I mutation. The administration of ruxolitinib decreased the white blood cell counts and led to the recovery of platelets in CSF3R-T618I-mutation-positive patients with CNL (5, 15) . This drug also improved the patients' massive splenomegaly and constitutional symptoms (15) . Although the hypothesis is only speculative at present, if the bleeding tendency shown in patients with CNL were caused by the invasion of malignant neutrophils, then ruxolitinib might also improve the bleeding tendency in CSF3R-T618I-positive patients with CNL.
Additional studies involving T618I-positive CNL patients with a bleeding tendency are required to elucidate the mechanisms through which the lethal bleeding phenotype is manifested these patients and to establish a new treatment strategy.
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